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OBJECTIVES We reviewed the management and outcome of patients experiencing pulmonary artery (PA)
trauma during balloon dilation (BD).
BACKGROUND Balloon dilation of the PA is important in the management of peripheral pulmonary stenosis.
Successful BD requires a controlled tear of the PA; excessive tearing can produce complica-
tions ranging from pseudoaneurysms to rupture and death. The incidence and optimum
management for such complications are unreported.
METHODS All records of patients who underwent branch PA dilation between June 1984 and October
1997 were reviewed; those with a significant complication were analyzed.
RESULTS Of 1,286 catheterizations in 782 patients, PA trauma (excluding isolated pulmonary edema
and PA aneurysms) was identified in 29 catheterizations in 26 patients. Tears occurred distal
to the area of stenosis in most cases (62%). Intensive medical management, with and without
catheter directed therapy, was employed. The damaged PA was successfully coil embolized in
five patients, four of whom survived; temporary balloon occlusion did not prevent death in
two patients. There were six deaths from pulmonary hemorrhage. A case control analysis
demonstrated that PA trauma was significantly associated with pulmonary hypertension.
CONCLUSIONS Pulmonary artery trauma associated with BD occurs mostly distal to the site of narrowing, is
associated with underlying pulmonary hypertension and is frequently (5/12 or 42%) fatal in
those with unconfined tears. Intensive management strategies as well as attention to distal
balloon position may reduce incidence and mortality. Coil occlusion of the damaged PA
appears to be a valuable strategy to prevent fatal hemorrhage. (J Am Coll Cardiol 2000;36:
1684–90) © 2000 by the American College of Cardiology
Surgical management of distal stenosis and hypoplasia of
branch pulmonary arteries (PPS) is frequently ineffective,
and balloon dilation (BD) with and without stent placement
has become the treatment of choice for many of these
patients. Success rates of BD between 38% to 100% have
been reported and have improved with the advent of
high-pressure balloons and intravascular stents (1–9). Suc-
cessful dilations require disruption of the intima and,
usually, the media to effect a lasting increase in the diameter
of the pulmonary artery (PA) (10). Not surprisingly, trans-
catheter management of PA obstruction is associated with
mortality rates of 1% to 9% (2,3,5,7,8,11–13), especially
when the distal vasculature requires enlargement. Pulmo-
nary artery rupture has emerged as the most common cause
of mortality and serious morbidity. As experience continues
to accrue with this modality of therapy, methods of avoiding
serious PA disruption are becoming increasingly important.
The purpose of this report is to describe the recognition of
PA trauma as well as potential strategies for avoidance and
management of significant PA disruption during BD of the
PA. This retrospective chart review study was completed
with the approval of the institutional review board at The
Children’s Hospital, Harvard Medical School, Boston Mas-
sachusetts.
CLINICAL MATERIAL
Indications. The indications for BD of stenotic PAs and
the techniques used have been previously described (3,5,14)
and include the following:
1. Significantly elevated right ventricular pressure,
2. Hypertension in the unaffected segments of pulmonary
artery,
3. Marked decrease in flow in the affected segments of lung
as assessed by radionuclide scan,
4. Right ventricular dysfunction or cyanosis aggravated by
PA stenosis, and
5. Symptoms.
Technique. This review spans a 15-year period, and,
while the techniques used to dilate stenotic PAs have
undergone changes and evolution, in general they have
followed our original guidelines (14). After standard
premedication, vascular access is obtained percutane-
ously, using the femoral vessels in most cases. A venous
sheath affords easy exchange of multiple catheters for
hemodynamic measurements and angiography. A small
pigtail catheter is placed in the descending aorta for
blood gas sampling and as a continuous blood pressure
monitor during the procedure. Hemodynamic evaluations
are completed using appropriate end-hole catheters for
pressure measurements. Angiographic delineation of the
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PA anatomy is accomplished using selective angiograms.
The dimensions of the stenotic segments are determined
by comparing their size to the known dimensions of
catheters in optimally angled views. Whenever possible
the most severe lesion is dilated first because balloon
occlusion of that segment should have the smallest effect
on total pulmonary blood flow. An end-hole catheter is
advanced distal to the stenosis and a 0.018 to 0.035 inch
exchange length wire is advanced as far as possible into
the PA. After removal of the catheter and sometimes
removal of the sheath and replacement with a larger/
longer sheath, the angioplasty catheter is advanced to the
area of stenosis. The initial balloon size is chosen to be 3
to 4 times the diameter of the segment to be dilated and
is inflated partially so that refinement of position can be
accomplished centering the waist on the balloon. If the
waist is very tight relative to the balloon size (less than
50% of the inflated diameter of the balloon), full inflation
of the balloon may expand the stenotic vessel so much
that rupture ensues. A smaller balloon is then substituted
and inflated to the maximum pressure to expand the
stenotic vessel. After each dilation the angioplasty cath-
eter is removed, leaving the wire in place, and an
angiographic catheter (usually a cutoff pigtail) is ad-
vanced to the area of interest. Attaching a Y-adapter
allows for both pressure measurement as well as angio-
graphic assessment (15). Crossing the dilated segment
with wires should be avoided if at all possible but, if
necessary, may be done using a soft-tipped torque control
wire. Review of the pressure and angiographic data
determine whether further dilation or stent placement is
necessary. If the initial results are unsatisfactory, as
indicated by the inability to eliminate the balloon waist or
inability to improve caliber of the stenotic vessel, subse-
quent dilations are pursued using larger or higher-
pressure balloons. The procedure is repeated for other
identified stenotic vessels, usually at the same catheter-
ization. Patients considered at increased risk for hemo-
dynamic instability were often electively intubated before
intervention.
METHODS
From June 1983 through October 1997, percutaneous BD
of the branch PAs was performed during 1,286 catheteriza-
tions of 782 patients at our institution. This population in
the computerized database was searched using diagnostic
codes for complications that included aneurysms, pulmo-
nary edema, pulmonary hemorrhage, hemoptysis, hemotho-
rax, balloon rupture, blood loss, hypotension, cardiac arrest,
resuscitation and death. From this population 29 catheter-
izations in 26 patients had angiographic or fluoroscopic
evidence of extravasation of contrast or blood, indicating PA
trauma, and those cases are the subject of this report (Table
1). Of those cases so identified, patients with complications
limited to pulmonary edema or pseudoaneurysms without
extravasation of dye or blood were excluded. All available
data from this group of patients were then reviewed in
detail. They were divided into two groups: those with
confined tears (Fig. 1) and those with unconfined tears (Fig.
2), based largely on angiographic features. Confined tears
(CT) were characterized by extravasation of blood or con-
trast that was limited to the local area of dilation and, more
importantly, that did not expand and usually resolved after
BD. Conversely, unconfined tears (UT) were characterized
by free extravasation of contrast or blood communicating
with the pleural space, airway or leading to progressive lobar
opacification in the distribution supplied by the dilated PA.
To attempt to identify risk factors for PA trauma, a
control group was selected from catheterizations that in-
cluded BD of PAs. Catheterizations of patients who were
included in the case group were excluded. Two controls
were randomly selected for each case matched for date of
procedure (6 2 weeks). In the three patients who had more
than one catheterization with evidence of PA trauma, only
the first catheterization was compared. The following predi-
lation items were evaluated: age, weight, diagnosis (isolated
PPS vs. postoperative PPS associated with other structural
heart disease), cardiac index, previous BD of PAs, mean
main PA pressure, right ventricle/aorta pressure ratio, pre-
vious surgery involving PAs and recent surgery involving
PAs (,6 weeks).
Statistical analysis. The primary outcome variable was the
presence of significant PA trauma of either type (CT or
UT). Predilation risk factors were compared for cases and
controls using the Fisher exact test for categorical variables
and Student t test (two sample, two-tailed) for continuous
variables. Pearson’s chi-square analysis was used to compare
categorical data between controlled tear and uncontrolled
tear groups. All data are expressed as mean 6 standard
deviation.
RESULTS
Details of the 26 patients who underwent 29 BD procedures
that resulted in PA trauma are outlined in Table 1. The ages
at the time of BD ranged from 3 months to 41 years
(median 54 months). Diagnoses consisted of Tetralogy of
Fallot with pulmonary atresia (TOF/PA) (10 patients),
TOF (5 patients), isolated PPS (4 patients) and PPS/
Williams syndrome (4 patients). There were single instances
Abbreviations and Acronyms
BD 5 balloon dilation
CICU 5 cardiac intensive care unit
CT 5 confined tear
ECMO 5 extracorporeal membrane oxygenation
PA 5 pulmonary artery
PPS 5 peripheral pulmonary stenosis
TOF/PA 5 Tetralogy of Fallot with pulmonary atresia
UT 5 unconfined tears
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of PPS/Alagille syndrome, tricuspid atresia and heterotaxy
syndrome, the last two having previously undergone Fontan
procedures.
There were 17 cases with PA tears defined as confined
(CT) and 12 cases with PA tears defined as unconfined
(UT). The tears occurred distal to the site of obstruction in
the majority of the cases in both the UT and CT groups
(Table 2). The location of the tear could not be determined
in a single case from each group.
General patient management. Intensive medical manage-
ment of the PA trauma was necessary in most of these
patients (Table 3). In addition to the interventions listed,
selective mainstem intubation for management of unilateral
pulmonary hemorrhage was carried out in two patients.
Compared with the CT group, those in the UT category
required far more intensive therapy, including resuscita-
tions, large volume transfusions, emergency intubation and
catheter delivered therapy. In addition, 42% of the proce-
dures in the UT group lead to a patient death in contrast
with 6% in the CT group (p , 0.02).
Specific management. Therapeutic interventions during
catheterization after the PA rupture were carried out in
eight patients (Fig. 3). Coils were placed proximal to the PA
tear in five patients to control hemorrhage; four survived.
Two patients who had only balloon tamponade proximal to
the site of rupture (both unconfined tears) died. One of
these ruptures occurred early in our experience before the
use of coils. The rupture was located in the proximal right
PA, which would have precluded the option of coil embo-
Figure 1. Confined tear: an anterior/posterior projection frame after
angiography that followed balloon dilation of the proximal left pulmonary
artery. The arrow indicates an area of extravascular contrast that was not
progressive. The guide wire is seen passing antegrade through the right
heart into the left pulmonary artery.
Table 1. Patient Characteristics
Pt Age* Diagnosis Previous Surgery Previous BD Year Death Coils
#1 28 TOF TOF repair, RPA & LPA plasty None 89 n
#2 53 TOF TOF repair, RPA plasty None 91 n
#3 61 TOF Transannular Patch Multiple, bilat 93 n
#4 70 TOF RMBTS, TOF repair Multiple, bilat 97 n
#5 89 TOF/PA TOF repair Left (in OR) 85 y
#6 57 TOF/PA RV/PA conduit, VSD closure Bilateral 91 n
#7 3 TOF/PA None None 95 n
#8 6 TOF/PA RV/PA conduit, aortopexy None 95 y
#9 41 TOF/PA RV/PA conduit Bilateral 95 n
#10 86 TOF/PA RV/PA conduit, RPA plasty Multiple, bilat 95 n y
110 TOF/PA RV/PA conduit, RPA plasty Multiple, bilat 97 n
#11 17 TOF/PA RV/PA conduit, bilat PA plasty Multiple, bilat 96 n
#12 54 TOF/PA RV/PA conduit None 96 n
54 TOF/PA RV/PA conduit Left 96 n
#13 386 TOF/PA RBTS, RV/PA conduit, VSD closure Right 96 n
#14 454 TOF/PA RV/PA conduit None 97 n
#15 5 TOF/Dys PV TOF repair Right 95 n
#16 42 Tri Atresia RMBTS, FenFon None 88 y
#17 35 Heterotaxy C shunt to R, LMBTS, FenFon None 97 n
#18 407 PPS None None 90 y
#19 125 PPS None Bilateral 92 y
#20 495 PPS None Multiple, bilat 95 n
#21 225 PPS None Multiple, bilat 96 n y
#22 185 Alagille/PPS None None 97 n y
#23 40 Will/PPS/AS None None 89 n
45 Will/PPS/A None Bilateral 90 n
#24 54 Will/PPS/AS None None 92 n y
#25 62 Will/PPS/AS None None 97 y y
#26 6 Will/PPS/AS None None 97 n
*Age in months. AS 5 supravalvar aortic stenosis; BD 5 balloon dilation; bilat 5 bilateral; C shunt to R 5 central shunt to RPA; Dys PV 5 dysplastic pulmonary valve; FenFon
5 fenestrated Fontan; LMBTS 5 left modified Blalock-Taussig shunt; LPA 5 left pulmonary artery; PA 5 pulmonary atresia; PPS 5 peripheral pulmonary stenosis; RBTS
5 right Blalock-Taussig shunt; RMBTS 5 right modified Blalock-Taussig shunt; RPA 5 right pulmonary artery; RV/PA 5 right ventricle to pulmonary artery; TOF 5
Tetralogy of Fallot; Tri Atresia 5 tricuspid atresia; VSD 5 ventricular septal defect; Will 5 William’s syndrome.
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lization. The other was a distal unconfined tear, where no
attempt to coil occlude the torn branch was made because of
immediate and persistent severe hemodynamic collapse that
could not be reversed. Another patient had a stent placed
over a tear and had extracorporeal membrane oxygenation
(ECMO) instituted for low cardiac output due to severe PA
vasospasm; this patient survived. Those five in whom coils
were placed are now presented in more detail.
Two patients (a 7-year-old with TOF/PA status after
repair and a 4-year-old with Williams syndrome) had
instantaneous evidence of PA rupture with dramatic extrav-
asation identified immediately after BD (unconfined tear).
The tears occurred distal to the stenotic segment in both
patients. Both required cardiopulmonary resusitation, ino-
tropic support, drainage of hemothoraces with chest tubes
and large volume transfusions. In both patients the PA
proximal to the torn segment was occluded initially by
balloon tamponade and followed by occlusion with coils.
Both were transferred to the CICU and then discharged 10
and 7 days later, respectively.
A 15-year-old with PPS and Alagille syndrome had
hemoptysis develop during dilation of a right upper lobe
PA. Contrast was then seen in the airway, and a right upper
lobe PA vessel tear was identified. The patient was emer-
gently intubated, transfused, and the torn vessel was oc-
cluded with coils. The patient was observed overnight in the
CICU and discharged four days later.
An 18-year-old male patient with isolated PPS had
proximal left PA dilation and stent implantation compli-
cated by balloon rupture with a retained fragment without
immediate evidence of PA rupture. He was emergently
intubated due to development of pulmonary edema and
managed overnight in the cardiac intensive care unit
(CICU) because he remained intubated at the completion of
the catheterization. The following morning extravasation of
contrast into the left pleural space was noted on angio-
graphic review, and he returned to the catheterization
laboratory. A left PA tear was identified distal to the stent
with extravasation of contrast into a left mediastinal hema-
toma. The torn vessel was successfully coil occluded. The
patient required no cardiopulmonary resusitation or inotrop-
ic support but did, however, receive a large volume trans-
fusion. He was extubated after two days and was discharged
six days later.
The last patient, age 4 years, with TOF/PA status after
placement of a right ventricle to PA conduit developed a
tear in the right lower lobe PA after BD. In addition, severe
vasospasm of the pulmonary arteries was noted. The tear
was occluded with a stent, but the patient required initial
hemodynamic support with ECMO. She was discharged 18
days later and returned after six months for VSD closure
and conduit replacement, at which time the right PA stent
was removed.
Deaths. There were six deaths, five of which were in the
UT group for a mortality rate due to PA trauma of 0.77%
(6/782). Three of these six deaths occurred before 1992
(Fig. 4). Since that year, and with the use of coils, the
mortality rate has been 0.57% (3/528) despite the fact that
the incidence of PA trauma remains 2.5 per 100 catheter-
izations involving PA dilation. Four of the deaths occurred
on the day of catheterization. The remaining two died two
and seven days later. The following are brief summaries of
those who died.
Dilations were performed in two patients within two
weeks of cardiac operations that included PA procedures.
Figure 2. Unconfined tear: (A) An anterior/posterior frame from an
angiogram demonstrating a large tear (black arrows) in the left pulmonary
artery after balloon dilation. Free flow of contrast into the pleural space can
be seen (white arrow). (B) The same pulmonary artery after coil occlusion
(arrow) of the tear, demonstrating no further extravasation of contrast.
Table 2. Tear Location
CT UT Total
Stenotic site 4/17 (23%) 2/12 (17%) 6/29 (21%)
Proximal 2/17 (12%) 1/12 (8%) 3/29 (10%)
Distal 10/17 (59%) 8/12 (67%) 18/29 (62%)
Unknown 1/17 (6%) 1/12 (8%) 2/29 (7%)
CT 5 confined tear; UT 5 unconfined tear.
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The first, a 3-year-old with tricuspid atresia who had had a
Fontan procedure, struggled with low cardiac output. Cath-
eterization 14 days after surgery demonstrated bilateral
proximal branch PA obstruction. Dilation of the left PA
near a surgical repair site resulted in a tear, hypotension and
a dramatic bloody effusion. After prolonged resuscitation,
an operative exploration revealed rupture of the proximal
left PA, which was then surgically repaired. The patient
died two days later when support was discontinued after a
severe neurologic insult was diagnosed. The second, a
7-year-old with TOF/PA, was catheterized three days after
surgical placement of a right ventricle to PA homograft.
The surgery included left PA dilation during which a PA
tear occurred. During recovery pulmonary hemorrhage re-
curred, and the patient was taken to catheterization, which
included right PA dilation. Proximal right PA rupture
occurred after which operative repair of both tears was
unsuccessful.
The third patient was a 6-month-old infant with
TOF/PA in whom a right ventricle to PA conduit was
placed five months before. At catheterization bilateral prox-
imal PA stenoses were identified. After right PA dilation,
PA rupture occurred just distal to the stenotic segment with
immediate hemodynamic decompensation. Despite balloon
tamponade, chest tube placement and maximal medical
resuscitation, the patient died. In this baby the wire position
was lost after the initial unsuccessful dilation. The wire was
readvanced across the dilation site, and the BD was repeated
using a larger balloon, after which the rupture occurred.
None of the remaining three patients, ranging from 5 to
33 years of age, had had prior cardiac surgery. All had PPS,
associated with Alagille syndrome in one and Williams
syndrome in another. Immediately after BD two of the
three had progressive opacification of a region of lung
associated with the dilation. These patients were emergently
intubated, ventilated with positive pressure and had circu-
lation supported with inotropes and red blood cell transfu-
sion as needed. These two cases occurred before the use of
coils to embolize torn PAs. Both died within 6 h of the
catheterization after massive hemoptysis while being man-
aged in the CICU. The other had hemoptysis and minimal
extravasation of contrast with a PA wedge injection, which
lead to identification of a confined tear. The torn vessel was
occluded with a coil. The patient was then transferred to the
CICU and was later extubated. She died two days after
discharge, five days after the catheterization, at an outside
hospital where she presented with respiratory distress and a
hemothorax.
Risk factors. By univariate analysis (Table 4) of predilation
characteristics, the following showed significant differences
between cases and controls: diagnosis, right ventricle/aorta
pressure ratio and mean main PA pressure. Since mean PA
pressure correlated strongly with both diagnosis and right
ventricular/aorta pressure ratio, neither remained significant
after controlling for mean main PA pressure. Recent PA
surgery approached statistical significance when mean PA
pressure was controlled for (p 5 0.08). The odds of PA
trauma increase an estimated 97% for each 10 mm Hg
increase in mean PA pressure. No significant differences
were found between groups for balloon to stenosis ratio
(34/78 patients) or the maximum inflation pressure (55/78
patients) in those patients where those data were recorded.
Figure 3. Catheter interventions: the above is a summary of the outcome
of patients who sustained pulmonary artery tears and had interventions in
the catheterization lab to address the tear. The patient who had a stent
placed was acutely treated with extracorporeal membrane oxygenation
(ECMO).
Figure 4. Incidence of tears: the above bar graph illustrates the incidence
of pulmonary artery tears and deaths due to such tears per 100 catheter-
izations involving balloon dilation of pulmonary arteries. The use of coils
to treat such tears was introduced in 1992.
Table 3. General Management
Group CPR
Circulatory
Support Transfusion
Trans >
0.5 BV
Emergent
Intubation CICU Care Cath Therapy Deaths
CT 1/17 (6%) 2/17 (12%) 11/17 (65%) 0/17 (0%) 7/14 (50%) 16/17 (94%) 1/17 (6%) 1/17 (6%)
UT 4/12 (33%) 5/12 (42%) 12/12 (100%) 7/12 (58%) 6/7 (86%) 12/12 (100%) 7/12 (58%) 5/12 (42%)
p 5 0.05* p 5 0.06 p 5 0.02* p 5 0.00* p 5 0.11 p 5 0.39 p 5 0.002* p 5 0.02*
Total 5/29 (17%) 7/29 (24%) 23/29 (79%) 7/29 (24%) 13/21 (62%) 28/29 (97%) 8/29 (28%) 6/29 (21%)
BV 5 blood volume; Cath 5 catheterization; CICU 5 cardiac intensive care unit; CPR 5 cardiopulmonary resuscitation; CT 5 confined tear; UT 5 unconfined tear.
*indicates p value of less than or equal to 0.05 from Pearson chi-square analysis.
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DISCUSSION
Percutaneous BD of PPS, now in use for some 15 years,
remains a more effective treatment modality than surgery,
especially in distal vessels. The degree of success has been
enhanced in recent years after the introduction of high-
pressure balloons and stents. While a safe procedure in the
large majority of cases, catastrophic events do occur, with
earlier mortality rates of 1% to 9% being reported in several
series (2,3,5,7,8,11–13). In the current series the incidence
of significant PA trauma (excluding PA aneurysm and
pseudoaneurysm) was 2%, and the mortality rate due to PA
trauma was 0.77% (6/782) during the time period under
review.
Risk factors. We were unable to define any technical risk
factors in those analyzed, including balloon lesion ratio.
However, two deaths occurred in patients who underwent
catheterization and dilation within days after surgery involv-
ing the PAs. Since recent surgery involving the PAs
approached statistical significance as a risk factor when
controlled for PA pressure, dilating lesions in such patients
would seem best postponed for at least two months to allow
healing. Attention to balloon position and size relative to
the area of stenosis is crucial to avoid PA rupture. This is
illustrated by the preponderance of tears located distal to the
obstruction in the patients in our series. The post-stenotic
vessels are thin walled (7,10) and are more susceptible to
rupture when large or unnecessarily long balloons are
inflated or migrate distally. Such ruptures exposed to high
pressure/flow after dilation are more likely to lead to
significant hemorrhage. Attention to avoiding distal posi-
tioning and migration of the balloon during inflation will
reduce the incidence of PA rupture. The case control
analysis revealed that patients with significantly elevated
mean main PA pressures are at increased risk for developing
PA trauma. The case control evaluation was matched only
for date of the procedure in order to investigate the potential
influence of the factors listed in Table 4 on the occurrence
of PA trauma. Since main pulmonary artery pressure was
highly correlated with elevated right ventricle pressure, and
with diagnosis the independent contribution to PA trauma
of diagnosis or elevated right ventricle pressure are un-
known. Elevated main PA pressure is the unifying end result of
diseased distal pulmonary vasculature and is likely the most
important factor, regardless of etiology of the distal disease.
Diagnosis: confined versus unconfined tears. Among the
29 catheterizations in 26 patients, the occurrence of the PA
tear was readily manifest by either angiography, hemoptysis,
evidence of rapid blood loss or evidence of increasingly
dense opacification on fluoroscopy in the lung segment
dilated. Angiographically, it was possible to identify two
groups. The first group consisted of those patients with a
confined tear, where contrast was localized only to the
tissues surrounding the dilated vessel. The second group
consisted of those patients in whom the tear was uncon-
fined, where contrast was seen to leave the vessel lumen and
dissipate into the ipsilateral pleural space or produce an
enlarging collection of contrast or blood. Also considered
unconfined were those patients with progressive lobar
opacification after BD, without frank extravasation of con-
trast. In our series two patients with progressive opacifica-
tion died up to 6 h after catheterization of massive sudden
hemorrhage while being managed in the CICU.
Treatment. Intensive medical resuscitative management,
including intubation, hemothorax evacuation and transfu-
sions, is urgently required in patients with an unconfined
tear in concert with temporary balloon occlusion of the
damaged vessel. As demonstrated in Table 3, patients with
UT received much more intensive therapy than patients
with CT. Initially reported as a therapy for a mycotic
pseudoaneurysm in the PA by Remy in 1984 (16), coil
Table 4. Univariate Analysis
Cases Controls p Value
Age (months) 119 6 148 110 6 153 p 5 1.0
Range 3–495 1–751
Weight (kg) 29 6 26 23 6 20 p 5 0.30
Range 4.4–92 3–106
Diagnosis: isolated PPS 35% 10% p 5 0.007*
CI (1/min/m2) 3.0 6 1.0 3.3 6 1.1 p 5 0.25
Range 1.1–5.1 1.7–6.0
Previous BD 46% 29% p 5 0.13
Mean PA pressure (mm Hg) 39 6 18 mm Hg 24 6 12 mm Hg p , 0.0003*
Range 15–80 13–70
RV/Ao pressure ratio 0.98 6 0.22 0.82 6 0.29 p , 0.04*
Range 0.55–1.5 0.3–2.0
Recent surgery 12% 8% p 5 0.58
Maximum BD pressure (atm) 17 6 6 (22 pts) 12 6 6 (33 pts) p 5 0.07
Range 5–24 4–24
Balloon/stenosis ratio 2.7 6 0.1 (12 pts) 3.1 6 1.2 (22 pts) p 5 0.38
Range 1–5 1.3–6.2
Ao 5 aortic; BD 5 balloon dilation; CI 5 cardiac index; PA 5 pulmonary artery; postop 5 postoperative; PPS 5 peripheral
pulmonary stenosis; pts 5 patients; RV 5 right ventricular.
*Indicates p value less than or equal to 0.05.
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occlusion of traumatized PAs associated with Swan-Ganz
catheters has been reported (17–20). Our population of
patients is quite different and presents the challenge of
differentiating signs and symptoms indicative of markedly
increased local pulmonary blood flow (segmental pulmonary
edema, hemoptysis) that indicate a successful dilation from
those of an unconfined PA tear. The angiographic appear-
ance after dilation and the patient’s hemodynamic status are
the key pieces of information that direct timely diagnosis
and therapy. Obvious extravasation and more than brief
hemodynamic instability are certainly indicators of PA
trauma rather than increased local pulmonary blood flow. In
those patients with a confined tear and without hemody-
namic compromise or progressive pulmonary lobar opacifi-
cation, careful management in the intensive care unit seems
to be adequate in most cases.
After recognition of an unconfined tear (free extravasa-
tion of contrast or blood that does not decrease or disappear
with time or progressive lobar opacification), initial stabili-
zation and permanent coil occlusion of the damaged vessel
seems to be indicated. This is because balloon occlusion
alone did not avert a fatal outcome in the two patients in
whom it was used. Although occlusion of a torn segment of
a PA is not desirable because many of these patients have a
limited total PA distribution, it indeed is life-saving in this
situation.
Reprint requests and correspondence: Dr. James E. Lock,
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